- 


t 


iPill 


■■ 


hist- 


: 


l ■ - /yQ?  1 


i 1 


m 


■h  X 

• .•-■  /•;?,  V-  -v-  ■ ; ■ & &*•?;■  *'•“>  ' /•'•.  V 

' i 

■ I 

■j •'■.  • .■  '•■  >: ■.  ‘^V/V^v-V  ‘V  '.U  «?  • - fn X 

. !-'.■■■  ' . • :. 


, . r-asw  ' 

iJS'f#  ~ 

0mm  i i 


-'•  ■x\  - . - 

fl|fi& 

. "v 

^'’tiSPSp 


H 


S£3 


%X- 


&w 


■ 


gf  ;;- 


act  -a*a 


;,.  f$i 


■« 


in 


,47  ■ 


; 


dynamic  tests  on 

WOOD-NAIL  JOINTS 


/ A JOINT  TESTING  PROGRAM  CONDUCTED  BY 
THE  MILITARY  TRAFFIC  MANAGEMENT  COMMAND 
AND  US  ARMY  MATERIAL  DEVELOPMENT  AND 
READINESS  COMMAND. 


D D C 

pur  o '..;i  an  //!P|n  • 

1,1 ; MAR  21  1977 

I 

A -• 


distri^utr  \ 

Approved  i ■ . • . . • ,-w\— ;e; 

Dislribulion  Jiiduntcri 


★ * 


ABSTRACT 


* * 


Approximately  250  dynamic  tests  have  been  performed  on  eight  types  of 
wood- nailed  joints.  > Due  to  the  delay  in  delivery  of  high  carbon 
nails,  a complete  set  of  tests  could  not  be  completed  until  April  1975. 
>This  interim  report  presents  the  results  for  one  type  of  wood-nail  joint. 
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PART  I 

BACKGROUND  INFORMATION 

Descriptions  of  laboratory  procedures,  equipment,  and  test  material  were 
included  in  a report  titled,  'Transportability  Criteria  for  Cargo  Restraints", 
dated  July  1974.  Included  in  the  report  is  information  describing  the  reason 
for  the  joint  project. 

The  present  test  plan  specifies  testing  of  eight  wood-nailed  joints.  Some 
laboratory  tests  have  been  performed  on  all  eight  specimens.  However, 
only  test  specimen  1 has  been  completed  because  the  high  carbon  coated 
nails  were  difficult  to  procure. 

This  report  describes  the  procedures  that  are  used  to  present  the  test  results. 
Basically,  it  describes  the  procedures  used  after  the  laboratory  test  data  are 
stored  on  the  magnetic  tapes. 


1 


A.  EQUIPMENT: 


PART  II 

DATA  REDUCTION 


Raw  data  stored  on  magnetic  tapes  were  used  to  obtain  digital  data  for 
evaluating  the  strength  of  the  wood  joints.  A skematic.  Figure  1,  can  help 
describe  the  process. 

1.  TAPE  RECORDER: 

The  magnetic  tape  containing  the  raw  data  is  read  by  this  tape  recorder. 

2.  A/D  CONVERTER: 

Before  the  raw  data  can  be  used  in  the  computer  it  must  be  converted 
from  Analog  to  Digital  format.  In  the  Analog  format  the  data  are  continuous 
and  therefore  form  a curve.  To  convert  to  Digital  form,  the  curve  is  read  at 
specific  intervals  starting  from  a designated  location.  The  designated  location 
is  obtained  by  having  the  computer  analyze  the  readings  for  Channel  1.  The 
data  for  Channel  1 are  compared  until  10  readings  having  progressing  values 
are  found.  Then  it  returns  to  the  first  of  the  ten  readings  and  takes  the 
prior  30  readings  and  uses  those  for  computing  the  time  zero  value  or  base- 
line reading.  Since  electrical  noise  can  cause  some  readings  to  be  high  and 
can  distort  the  baseline  reading,  the  computer  will  determine  the  standard 
deviation  and  will  disregard  any  value  that  is  greater  than  2 Sigma  in  the  re- 
calculation of  the  zero  value.  In  addition  to  the  statistical  procedure  for  re- 
ducing the  effect  of  noise,  a filter  is  used  on  Channel  1.  Details  for  this 
filter  are  shown  in  Figure  2.  The  effect  of  the  filter  can  be  seen  by  comparing 
Figures  3 and  4. 
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FIGURE  I.  DATA  REDUCTION  PROCESS 
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FIGURE  4.  DATA  AFTER  PASSING  THROUGH  THE  ELECTRONIC  FILTER. 


3.  ELECTRONIC  DATA  TERMINAL: 


This  is  the  device  used  to  input  instructions  and  data  to  the  computer, 
and  it  is  also  used  to  provide  a hard  copy  of  selected  output  from  the 
computer . 

4.  COMPUTER: 

All  computations  and  repetitive  type  operations  are  performed  by  this 
electronic  brain. 

5-  DISC  AND  TAPE  TRANSPORT: 

Output  from  the  computer  is  stored  on  a computer  disc  and  also  on 
magnetic  tape. 

PROCEDURE: 

1 . The  magnetic  tape  containing  raw  data  from  the  laboratory  tests  is 
placed  on  the  tape  recorder.  Using  earphones  to  hear  the  calibration  in- 
formation for  each  of  the  six  channels,  the  tape  recorder  channels  are  ad- 
justed to  yield  voltage  readings  comparable  to  those  recorded  in  the  instru- 
mentation van.  This  procedure  will  reduce  the  error  in  using  two  tape  re- 
corders to  record  and  play  back  the  information. 

2.  By  placing  a magnetic  tape  on  the  tape  transport  the  computer  system 
is  ready  for  operation.  After  calling  up  the  program  from  the  computer  file, 
the  computer  will  instruct  the  operator  to  enter  the  ten  digit  test  run  number. 
The  run  number  is  described  as  follows: 


XX  XX  X XXX  XX 


Impact  Number 

Position  number  where  dolly  was  released 

Sample  Number 

Test  Schedule 

Test  Specimen  Number 
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When  the  computer  receives  the  tenth  digit  number  it  will  print  "is  number 
right?"  and  "is  Analog  tape  ready?"  If  the  answers  are  yes,  activation  of  the 
return  key  will  advance  the  computer  to  the  next  step.  If  the  answers  are 
no,  then  a "NN"  reply  will  instruct  the  computer  to  request  the  test  run 
number  again.  A copy  of  the  program  is  presented  as  Appendix  1.  After  the 
computer  receives  the  correct  number  and  the  two  questions  are  answered, 
the  computer  will  wait  for  the  data  from  the  magnetic  tape.  The  data  are 
entered  by  the  operator  starting  the  tape  recorder,  and  while  listening  to  the 
audible  countdown  for  the  impact,  a switch  is  activated  between  the  audible 
count  of  two  and  one.  The  switch  allows  the  data  to  be  processed  through  the 
Analog/Digital  (A/D)  converter  to  the  computer.  Only  one-half  second  of 
data  is  analyzed  after  the  computer  establishes  zero  time.  A summary  of  the 
data  is  printed  on  paper  in  the  electronic  data  terminal.  Ari  explanation  of 


the  information  included  in  the  summary  is  presented  below. 


Channel 

Channel 

Channel 

Channel 

Channel 

Channel 

1 

2 

3 

4 

5 

6 

★ 

xxxxxO/ 

xxxxxO/ 

xxx/xx 

xxx/xx 

xxx/xx 

xx/xxx 

Zero  reference 

xxxxxO/ 

xxxxxO/ 

xxx/xx 

xxx/xx 

xxx/xx 

xx/xxx 

Maximum  value 

xxxxxO/ 

xxxxxO/ 

xxx/xx 

xxx/xx 

xxx/xx 

xx/xxx 

Minimum  value 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

Remainder 

xxxxx/ 

xxxxx/ 

xx/xxx 

xx/xxx 

xx/xxx 

xx/xxxx 

Area  under  curve 

WV  /' VV  * * - 

AAA/  aa  tWOCWs 

*** 

xx/xxx 

xxxxx 

xxxxx 

* / Shows 

location 

of  decimal 

point. 

* * 


* ** 


Work  - (Area  under  curve  for  Channel  2)  x (Area  under  curve  for  Channel  6) 

( iTime  duration  of  impact!  which  is  a fixed  value  for  computational 
purposes,  0.5  Sec  ^ ) 

Displacement  at  0.5  Sec  after  impact  (Permanent  displacement) 
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The  Digital  data  and  summary  are  stored  on  the  disc  and  magnetic  tape . 

Each  impact  requires  the  operator  to  repeat  the  above  procedure  from  the 
step  of  calling  up  the  program. 

3.  Since  each  test  may  have  approximately  thirty  impacts,  another 
computer  program  is  used  to  obtain  data  for  plotting  a curve  that  will  best 
represent  the  data  results  for  two  variables.  The  program  shown  as  Appendix  2 
utilizes  the  least  squares  method  and  the  Gauss  elimination  process  of  solving 
simultaneous  equations. 

4.  When  the  program  is  used,  the  first  information  that  must  be  supplied 
to  the  computer  through  the  electronic  data  terminal  is  the  degree  of  poly- 
nomial the  user  desires  the  equation  to  be.  The  maximum  degree  is  10.  As 
a general  rule,  the  higher  the  degree  of  the  polynomial  the  more  the  best-fit 
curve  will  respond  to  deflections  in  the  data.  After  the  computer  receives  the 
two  digit  number  it  will  request  the  x and  y values  of  the  data  points.  The 
values  must  be  in  the  following  form: 

xx.xxyy.yy 

At  the  conclusion  of  the  data  input,  the  operator  must  input  "00.0000.00"  to 
have  the  computer  process  the  data.  Output  from  the  computer  will  give  co- 
efficients for  each  power  of  the  equation.  Then  it  will  request  the  operator 
to  enter  x values  for  plotting  the  best-fit  curve.  When  the  value  is  entered 
and  the  return  key  is  depressed,  the  computer  will  calculate  the  corresponding 
y value  and  have  the  x and  y values  printed  on  the  paper  in  the  data  terminal . 
The  computer  will  accept  x values  until  00.00  is  entered.  Because  zeroes  are 
used  to  signal  the  computer  that  the  input  is  completed,  all  input  values  must 
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be  greater  than  zero. 
C.  RESULTS: 


Summaries  from  the  computer  output  for  the  impacts  are  numerous  and 
are  considered  uneconomical  to  publish.  The  summaries  were  analyzed  and 
condensed  to  show  the  yield  and  maximum  forces  that  the  various  samples  with- 
stood, These  results  are  shown  in  Appendix  3.  The  data  for  the  dolly  im- 
pact force;  dolly,  hammer,  and  specimen  accelerations;  permanent  displace- 
ments; and  total  displacement  are  obtained  from  the  impacts  that  provide  the 
yield  and  maximum  forces  on  the  hammer. 
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PARI  III 

DATA  EVALUATION 

A.  DATA  EVALUATION: 

1.  Data  evaluation  will  be  discussed  by  describing  the  parameters 
used  in  the  tables,  and  by  giving  other  details  that  may  be  of  interest. 

2.  Refer  to  the  column  headings  in  Appendix  3. 

B.  TEST  NUMBER:  (Column  1)  . This  number  representa  the  test  speci- 
men number  and  the  test  schedule  number.  For  example,  1-6  means  that  the 
data  is  for  Test  Specimen  1,  Test  Schedule  6 (See  Appendix  4).  Information 
provided  under  this  number  provides  a brief  description  of  the  test  specimen. 

The  phrase  "Oak  on  WH " means  that  the  blocking  or  test  specimen  material 
is  oak  and  the  floor  material  is  Western  Hemlock.  The  nails  are  described 
by  a phrase  similar  to  "50d  HCB"  which  represents  a 50  penny  high  carbon 
nail  with  a bright  finish. 

C.  RUN  NUMBER:  (Column  2).  The  sequential  order  in  which  the  samples 
were  tested. 

D.  MOISTURE  CONTENT:  (Column  3).  Readings  obtained  by  using  the 
moisture  detector. 

E.  DOLLY  WEIGHT : (Column  5).  The  weight  of  the  dolly  including  the 
hammer  weight.  Without  including  the  weight  of  the  hammer,  the  dolly 
weighs  1514  pounds. 

F.  DOLLY  IMPACT  FORCE:  (Column  6).  For  this  column  and  the  remain- 

ing columns,  except  the  hammer  weight  in  Appendix  3,  there  are  two  lines  of 
data  for  each  run  number.  The  first  line  contains  data  based  on  the  impact 
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that  produces  the  yield  point  described  under  "Hammer  Impact  Force".  The 
second  line  is  based  on  the  impact  that  produces  the  maximum  value  for  the 
hammer  impact  force.  On  the  computer  printout,  the  dolly  impact  force  is 
located  in  the  first  column  and  second  row  of  each  impact.  A zero  must  be 
added  to  obtain  the  actual  value.  The  dolly  force  shown  on  the  first  line  of 
each  run  in  the  referenced  appendix  is  obtained  from  the  last  impact  in  the 
yield  point  range,  refer  to  Listing  1 Test  Run  Number  0106106120. 

G.  DOLLY  ACCELERATION:  (Column  7).  Dolly  vibrations  are  measured 
by  a mechanical  transducer  with  an  electrical  output.  At  low  frequencies 
relative  to  the  natural  frequency  of  the  transducer,  the  transducer  acts  as  an 
accelerometer.  Primarily,  because  of  this  characteristic  and  because  the  fre- 
quencies of  the  components  are  difficult  to  measure,  the  acceleration  data 
should  not  be  given  a high  degree  of  importance.  The  dolly  acceleration  is 
located  in  fourth  column  and  the  second  row  of  each  computer  printed  data 
summary.  See  last  sentence  in  "Dolly  Impact  Force"  for  selection  of  value 
used  in  the  appendix. 

HAMMER  WEIGHT:  "Hammer"  is  the  nomenclature  for  the  load  cell 

transducer  assembly  and  the  control  weights.  The  hammer  weight  is  changed 
by  adding  or  removing  metal  slabs  to  provide  sufficient  number  of  impacts  to 
locate  a yield  point  and  maximum  force  the  specimen  will  sustain. 

I.  HAMMER  IMPACT  FORCE: 

1.  This  is  the  most  important  value  in  the  data  listing.  It  is  the 
peak  value  of  the  dynamic  force  input  into  the  test  specimen.  On  the  com- 
puter printed  output  it  is  the  value  in  the  second  column  and  second  row. 
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A zero  must  be  added  to  obtain  the  actual  value.  The  value  of  the  hammer 
impact  force  shown  in  the  first  line  of  each  run  in  Appendix  3 is  an  arith- 
metic average  value  of  several  impacts  in  the  yield  point  range.  This  value 
is  the  yield  point  for  the  specimen.  'Yield  Point"  as  used  in  this  report  is 
determined  somewhat  different  than  the  procedure  used  to  locate  the  point  in 
materials  like  metals  — that  is,  to  plot  a stress-strain  curve.  Before  explain- 
ing the  procedure,  a description  of  the  yield  point  will  be  given.  Consider 
the  curves  shown  on  Figure  5.  The  scale  on  the  left  is  used  to  read  the  two 
upper  curves;  however,  the  bottom  curve  must  use  the  scale  on  the  right. 

The  calibration  curve  is  not  used  to  determine  the  yield  point  but  is  included 
to  show  the  force  that  would  result  if  the  specimen  was  a solid  mass,  that  is, 
a single  piece  of  lumber  instead  of  a nailed  Joint . Observe  the  lower  curve 
which  is  a plot  of  the  permanent  displacement  versus  the  distance  up  the  ramp 
on  the  conbur  type  incline  ramp.  There  are  two  locations  where  the  curve 
could  be  considered  flat.  The  second  flat  portion  is  considered  to  be  the  lo- 
cation of  the  yield  point.  Since  the  force  on  the  cleat  or  hammer  impact 
force  fluctuates  within  that  corresponding  flat  range,  the  force  is  arithmeti- 
cally averaged  for  several  impacts. 

2.  The  procedure  for  calculating  the  yield  point  can  be  explained  by 
using  a sample  of  the  computer  printout.  Listing  1 . Observe  the  number  in  the 
fourth  column  and  sixth  row  which  is  the  permanent  displacement.  Starting  at 
test  run  number  0106105116,  the  number  is  -00127.  The  negative  sign  means 
that  the  wire  length  in  the  displacement  transducer  is  decreasing,  which  is 
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correct  for  the  direction  the  transducer  is  mounted.  The  decimal  point  is 
located  three  digits  from  right.  Therefore,  the  permanent  displacement  is 
0.127  inch.  Continue  to  observe  the  number  in  the  same  location  for  each 
succeeding  impacts.  The  numbers  are  0.12 7,  0.133,  0.136,  0.145,  0.133, 
0.153  , 0.190,  and  0.215.  By  comparing  the  values  you  can  see  that  the 
first  five  values  do  not  have  a large  difference  nor  do  they  continue  to  in- 
crease. This  indicates  that  the  yield  point  includes  the  impacts  prior  to  and 
including  impact  20  or  test  run  number  0106106120.  To  determine  the  number 
of  impacts  to  include  in  the  averaging  of  the  hammer  impact  force,  the  force 
values  (second  column,  second  row)  must  also  be  observed.  If  these  values 
do  not  vary  much  or  if  the  difference  between  the  highest  value  and  lowest 
value  are  within  80  ( 800  lbs  ) then  the  numbers  can  be  averaged.  If  the 
range  is  more  than  80,  reduce  the  lowest  number  impact  until  the  range  is 
acceptable.  The  "80"  value  is  an  arbitrarily  selected  number.  The  last  im- 
pact in  the  range,  0106106120,  is  used  to  obtain  the  information  for  the  other 
variables  that  are  recorded  on  Line  1 in  Appendix  3. 

3.  To  verify  the  procedure  for  determining  the  yield  point,  a special 
test  was  performed  ( Test  1-34  ).  Components  for  the  joint  were  same  as 
those  for  Test  1-30.  Instead  of  increasing  the  force  on  the  specimen  until 
failure  occurred,  the  dolly  release  point  was  increased  until  it  reached  the 
position  corresponding  to  the  beginning  of  the  yield  point  range  of  Test  1-30. 
At  that  position,  the  dolly  was  released  twenty  times.  To  complete  the  test, 
the  dolly  release  point  was  increased  until  failure  occurred. 

4.  Results  of  that  test  are  shown  in  Figure  6.  Note  that  the  twenty 
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FIGURE  6.  VERIFICATION  OF  YIELD  POINT 
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extra  impacts  did  not  adversely  affect  the  shape  of  the  curve.  Based  on 
these  results  it  is  concluded  that  the  procedure  for  determining  the  yield 
point  is  acceptable . 

5.  The  second  line  for  each  run  in  Appendix  3 is  for  the  maximum 
force  the  specimen  withstood.  Again  the  dolly  force,  dolly  acceleration, 
permanent  displacement,  etc.  correspond  to  the  impact  that  gives  the  maxi- 
mum force  on  the  specimen . 

6.  The  data  in  Appendix  3 were  obtained  from  the  computer  printout 
without  using  the  computer  to  determine  a best-fit  curve  to  represent  the 
data.  It  was  concluded  that  application  of  the  best-fit  curve  was  too  time 
consuming  for  the  benefit  that  it  would  give. 

J.  HAMMER  ACCELERATION: 

The  hammer  acceleration  for  each  impact  is  found  in  the  computer 
printout  at  the  fifth  column  and  second  row.  The  decimal  point  is  located 
two  digits  from  the  right. 

K.  SPECIMEN  ACCELERATION; 

Care  must  be  exercised  in  using  the  computer  printout  to  locate  the 
number  for  the  specimen  acceleration.  The  accelerometer  is  mounted  on  the 
specimen  in  a direction  that  is  180  degrees  from  the  direction  the  other 
accelerometers  are  mounted.  Some  of  the  personnel  that  operated  the  in- 
strumentation van  would  change  the  polarity  of  the  data  signals  from  the 
transducer;  therefore,  the  acceleration  signals  would  be  positive.  The  lo- 
cation on  the  computer  printout  would  then  be  Column  3 and  Row  2.  However 
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if  the  polarity  were  not  changed,  the  location  would  be  Column  3 and 
Row  3.  The  decimal  point  is  located  two  digits  from  the  right. 

L.  PERMANENT  DISPLACEMENT: 

As  mentioned  earlier,  the  permanent  displacement  was  recorded  on 
the  computer  printout  at  location.  Column  4 and  Row  6.  Decimal  point 
is  located  three  digits  from  right.  This  value  represents  the  displacement  of 
the  cleat  at  0.5  second  after  impact. 

M.  TOTAL  DISPLACEMENT: 

Total  displacement  is  the  sum  of  the  permanent  displacement  and  the 
displacement  caused  by  the  dynamic  force.  It  is  obtained  by  adding  the 

values  from  Column  6,  Rows  two  and  three.  Decimal  point  is  located  three 
digits  from  right . 
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PART  IV 
DISCUSSION 

A.  In  the  discussion  and  use  of  the  test  results,  there  is  one  important 
factor  that  must  be  considered.  Each  test  was  performed  only  three  times, 
and  the  lumber  for  those  three  runs  may  have  come  from  the  same  board. 

This  will  prevent  the  use  of  statistical  analysis  in  determining  a degree  of 
confidence  for  the  data.  However,  the  data  does  present  some  interesting 
results . 

B.  Observe  the  data  in  Table  1.  The  strength  of  the  joints  can  be 
combined  into  four  groups.  The  first  group  would  consist  of  Oak  on  Oak 
using  50d  high  carbon,  coated  nails.  The  next  eleven  joints  would  be 
Group  II.  Group  III  would  consist  of  the  next  eight  joints.  Again,  only 
one  joint  would  constitute  a group  - Group  IV.  Because  the  maximum 
strength  for  an  oak  on  oak  joint  using  50d  low  carbon  coated  nails  is  high, 
it  may  belong  in  Group  II  instead  of  Group  III. 

C.  To  show  the  effect  of  changing  the  materials  in  the  joint,  consider 
Table  2.  The  first  two  groupings  shows  the  effect  of  specific  gravity  on  the 
strength  of  the  joint.  Comparing  the  average  yield  and  maximum  strengths 
show  that  a change  in  the  specific  gravity  of  the  blocking  material  produces 
a negligible  effect  on  the  joint  strength.  However,  a change  in  the  specific 
gravity  of  the  floor  material  produces  a corresponding  change  in  the  strength 

of  the  joint.  In  considering  the  results  from  Test  1-1  and  1-25,  no  explanation 
can  be  given  for  the  small  difference  between  the  two  values  considering  the 
other  tests  in  that  group  do  show  significant  differences. 

D.  The  next  four  groupings  show  the  effect  of  nail  size.  Even  though 
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TABLE  I.  Test  Results.  Yield  and  Maximum  Strengths  in  Order  of  Decreasing 

Yield  Strengths. 
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some  of  the  results  do  not  show  an  appreciable  difference,  it  can  be  con- 
cluded that  nail  size  affects  the  results.  However,  the  data  do  not  indi- 
cate if  the  nail  diameter  or  depth  of  penetration  contributes  the  major  portion 
of  the  effect.  This  is  because  the  nail  diameter  and  length  increase  with  nail 
size  and  it  would  be  difficult  to  determine  the  effect  of  either  parameter 
without  manufacturing  special  nails. 

E.  The  next  seven  pairs  in  the  table  show  the  effect  of  nail  coating. 

With  the  exception  of  oak  on  oak,  the  coating  did  not  appreciably  affect  the 
strength.  To  reduce  the  possibility  of  time  affecting  the  strength  of  coated 
nails,  most  of  the  joints  were  tested  within  one  hour  after  they  were  nailed. 

F.  The  only  comment  on  the  last  two  pairs  in  Table  2 is  that  no  explanation 
can  be  furnished  until  additional  data  are  analyzed  from  other  specimens. 

The  data  have  not  been  corrected  for  moisture  contents  above  or  below 

12%. 

G.  By  just  comparing  yield  and  maximum  strengths  without  knowledge  of 
the  strength  curve  could  cause  a user  of  the  data  to  overlook  features  that 
could  otherwise  be  used.  The  curves  in  Figute  7 show  how  specific  gravity 
affects  the  slope  of  the  curve.  A joint  made  of  high  specific  gravity  lumber 
like  oak  (for  example  Test  1-1)  will  have  a steep  slope.  The  yield  point  is 
located  near  the  relative  sharp  break  in  the  curve.  This  means  that  the  joint 
will  not  withstand  much  additional  force  before  the  maximum  force  is  obtained. 
However,  a joint  constructed  of  oak  nailed  onto  Western  Hemlock  (for  example 
Test  1-6)  the  yield  point  is  almost  one-half  the  maximum  strength.  Therefore, 
a designer  may  be  able  to  use  the  oak/Western  Hemlock  joint  without  a safety 
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TABLE  2.  Test  Results.  Comparisons'. of  Joint  Materials. 
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factor  whereas  he  may  not  be  comfortable  using  an  oak/oak  joint  like 
Test  1-1  without  a safety  factor. 

H . It  is  also  interesting  to  note  on  Figure  7 that  the  yield  point  is  lo- 

cated near  0.1  inch  of  permanent  displacement.  Or  in  other  words,  a 
joint  can  be  considered  a failure  when  the  joint  members  are  displaced 
1/8  inch  ( this  is  not  a momentarily  displacement  due  to  a dynamic  force  ). 

I.  No  tests  were  conducted  to  determine  the  effects  of  improperly  pre- 

drilled holes  for  large  nails.  Also  no  efforts  were  made  to  measure  the  effect 
of  wood  grain  orientation  with  respect  to  the  nail,  i.e.,  wood  grains  are 
perpendicular,  or  parallel,  or  at  an  angle  to  the  nails. 
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BL  2iINl 
DATA  l»3,2 
LA  OO 
CRA  OOW 
BC  11, DTI 

CRUB  EQU  XTF301 

LA  40ATREP 
x RESET  A/D  CONVERTER 
SSB  RESET 
LA  OO 
LDS  t»2 
DATA  t^O^lCO1 
x SEARCH  FOR  START  SIGNAL 
SERH1  LDCR  COODOTRWRD 

LDCR  CIGODOMmRD 
SETB  11,1 
SETB  110 

LDCR  QBODOUTV'IRD 
SETB  12,1 
L 0,ISUM 

L 1,ISEM»1 

DA  0033 

ST  OOATAB*18v3 

ST  iOTTFB»240 

SETB  130 
CML  OUTV'FD’li.IM 
NOP 

B f»4 

B J»6 

LA  OO 

B SERH1 

AA  0,1 

CRA  0,10 

BC  110VTSTR 

B SERH1 

CTR1NRD  DATA  X^1 
CMDWRD  DATA  XTSOO1 
OLTflNRD  DATA  OO 
LIM  DATA  S250T5 

x INHEN  START  SIGNAL  FOUND  SEQUENTIALLY 
x (INVERT  AND  STORE  DATA 
CVTSTR  LDCR  COOXTRWD 

LDCR  C160D0MDWRD  

R I 28620  1000002 
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SCALE  N/H 
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SHEET  03 


setb  11,1 
setb  no 

Lfl  HO 
Lfi  30 
Lfl  40 

CVTST2  Lfl  OilS 
CVTST3  LDCR  C16ODO0 
SETB  12,1 
SETB  120 
BBNE  13, lil 
LDCR  C1S0D01 
SETB  8,1 
STGR  C160D02 
SETB  13,1 
SETB  130 
SETB  80 
ST  2£lflTflBi3 
flfl  3,1 
GRfl  3,24000 
BC  110VTST1 
flfl  0,16 
GRfl  0,112 
BC  110VTST2 
B CVTST3 
CVTST1  Lfl  40RTRED 
LDS  1*2 
DRTfl  l*20(,80001 
B SCflLE 
RESET  DRTfl  0,0, W 
LDS  1*3 
ZERO  DRTfl  0 

DRTfl  t^iXBlCO1 
LDCR  COODiZERD 
LDCR  C16OD,ZER0 
SETB  3,1 
SETB  90 
LDS  RESET 

* SCflLE  DRTfl  IN  MEMORY 
SCflLE  Lfl  0,23999 
MLR  10RTAB0 
ARB  -1,1-20 

x SEARCH  DRTfl  1 FDR  PEEK 


L 

ST 

ST 

B 

SERLOP  L 


3, ZERO 
3,KNT 
3,1 
1-6 
3,1 
30 
3,1 

3,24000 

100210 

OORTflBO 

0,100 

10JH4 

B200 

OORT  ABO 


MTMC  DRTfl  CONVERSION 
AND  REDUCTION  PROGRAM 


A 

28620 

1000002 

SCflLE  N/fi 

DRTE  12-15-15 

9£ET  04 

SR  0,1000 
BC  12J3202 
B200  L 3, ZERO 

ST  3,IKNT 
B SERLOP 
B202  L 3,' KMT 

flR  3,1 
ST  3,DCNT 
SR  3,10 
BC  10,6204 
B SERLOP 

x CHLCULRTE  STRRT  AND  STOP  INDEX 
x EF  DRTR  FIELD 
B204  L 0,1 

SR  0,40*6 
ST  OiIST 
RR  0*46*6 
ST  0,IEND 
B B211 
B210  BL  2JTT1 

DRTR  L4 
B DRTREP 
B211  B B300 

x QUERY  1/D  DRIVERS 
DTI  L 32,2 

BC  11,32 
ST  3JJT-1 
L 3t~lv3 

ST  3JJT*3 
LR  3i4TT 

SXBS  *120 

R %!> 

INI  L 322 

BC  11*2 

ST  3,IN*1 

L 322 

ST  3,1N*2 

LR  3*IN 

SXBS  *12T 

B 4,2 

* CRLCULflTE  THE  ZERO  REFERENCE  FOR  ERCH 

* DRTR  CHRNNEl  USING  R STRNDRRD  DEVIRTION 

* IF  2 FOR  DROPPING  ERRORS  RND  TFEN 

* RECHLCULFfTE  T>€  RVERHGE 

* STORE  THE  RESULTS 

B300  L 3, ZERO 

B »*g 

B153  L 3*J 

HR  3,1 
ST  3*J 

CRR  3,5 

BC  10B154. 

L 0,ZER0 
ST  OiKNT 
L 3, ZERO 

B l*G 

n 28620  1000002 
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SCRLE  m 


DRTE  12-15-T5 


SHEET  05 


B151 

L 

3,1 

HR 

3,8 

ST 

3,1 

CRR 

3,114 

BC 

10^152 

FI 

3,1ST 

A 

3*J 

L 

OilKNT 

fl 

0JDRTflBv3 

ST 

OilKNT 

B 

B151 

B152 

L 

OrDCNT 

MR 

0,1 

DA 

0,30 

L 

3xJ 

ST 

lJDRTflBvl 

L 

OiZERD 

ST 

OilSUM 

ST 

0,1SUM*1 

ST 

OilSTD 

ST 

OilKNT 

L 

3, ZERO 

B 

1*8 

B180 

L 

3,1 

flfl 

3£ 

ST 

3,1 

CRR 

3,114 

BC 

10,6181 

fl 

3, 1ST 

fl 

3xJ 

L 

ixJ 

L 

OOTTflBC? 

S 

OJDflTflBil 

ST 

0,1*3 

MR 

Ofl 

DRD 

0,1SUM 

ST 

OilSUM 

ST 

1,1SUM»1 

B 

B180 

B181 

DR 

0*29 

LA 

Ofl 

Lfl 

3iXTC0T 

SXBS  *121 

MR 

0<2 

ST 

lilSTD 

L 

3x) 

L 

!J]RTflBv3 

fl 

1,ISTD 

ST 

1,1L1M 

L 

10TTFB3 

S 

1,1STD 

ST 

1,TL1M*1 

CR 

1,ILIM 

BC 

103181 

L 

0,ILIM 

ST 

OilLIM*! 

R 28620  1000002 
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SCPLE  N/R 


DATE  12  15-15 


SHEET  08 


ST 

1JLIM 

B18T 

L 

OiZERD 

ST 

OiISUM 

ST 

OilSUM’l 

ST 

OiDCNT 

L 

3, ZERO 

B 

1*8 

B182 

L 

3,1 

Afi 

33 

ST 

3,1 

CRR 

3,1T4 

BC 

103184 

fi 

3, 1ST 

R 

33 

L 

OORTRB3 

CR 

0,1L1M 

BC 

12*182 

CR 

0,IL1M*1 

BC 

10*182 

AMI 

1KNT,1 

L 

OOFTfBO 

R 

0,1SUM 

ST 

OilSLM 

B 

B182 

B184 

L 

0,DCNT 

ST 

0*185*1 

L 

0,1SLM 

MR 

0,1 

B185 

DR 

oo 

L 

33 

ST 

1,DRTRB3 

B 

B153 

x PRINT  ZERO  REFERENCE  VALUES 

B154 

BL 

13RNT 

DPTR  DRTRB 

B 

B158 

PRNT 

L 

3,2,1 

ST 

3*159*1 

BL 

2JTT1 

DRTR  L5 

L 

3,ZER0 

B 

t*6 

B156 

L 

3,1 

RR 

3,1 

ST 

3,1 

CRR 

3,5 

BC 

103,1 

B159 

L 

033 

LR 

30(>2800'*«BUFW 

SXBS  *121 

LR 

33’  1 

ST 

3afi*4 

LR 

33 

ST 

33UF1 

BL 

23T1 

DRTR  BUFM 

Pi  28620  1000002 
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SCALE  N/fi 


DRTE  12-15-15 


SHEET  OH 


B 

B156 

X LDCATE  MAXIMUM  AND  MINIMUM  VALUES 

x FDR  EACH  CHANNEL 

B158 

L 

3iZERD 

B 

1*6 

B1S5 

L 

3,J 

AA 

3,1 

ST 

3*J 

CRA 

3,5 

BC 

10£]66 

L 

0,ZERD 

ST 

0,1MAX 

ST 

OilMIN 

ST 

0,1SUM 

ST 

OilSLM’I 

ST 

OtfSUM 

L 

3, 1ST 

AA 

3,180 

B 

1*6 

B1G3 

L 

3,1 

AA 

3,6 

ST 

3,1 

CR 

3,IEND 

BC 

1QBI64 

A 

3,J 

L 

0JHTAB,3 

BC 

L2-B1GL 

CR 

0,IMRX 

BC 

12B162 

ST 

OiIMAX 

B 

B162 

B1S1 

CR 

OiIMIN 

BC 

10-B162 

S' 

OiIMIN 

x CALCULATE  AREA  UNDER  EACH  CURVE 

B1G2 

L 

3*J 

S 

OOTTABv3 

MA 

0,10 

DAD 

OiISUM 

ST 

OiISUM 

ST 

1,ISUM*1 

B 

B1S3 

B1S4 

L 

3*J 

L 

OiIMAX 

S 

00ATPB,3 

ST 

OOATAB*6v3 

L 

OiIMIN 

S 

0iDATABi3 

ST 

0JDATTAB*12v3 

L 

OiISUM 

L 

1,1SUM*1 

DA 

0£33 

ST 

Oi)ATHB*18i3 

ST 

UFTAB*24,3 

B 

B1S5 

X PRINT  MINIMUM  VALUE 
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B166  BL  'W’RNT 
DATA  DATAEhG 
x PRINT  MAXIMUM  VAL.JE 
BL  l^RNT 
DATA  DATAEM2 
x PRINT  WORK  REMAINDER 
BL  TfRNT 
□RTF)  DATFBT8 
x PRINT  WORK 

BL  IfRNT 
DATA  DATAB*24 

x CALCULATE  FINAL  VALUE  OF  CHAWCL  G 
x BASED  ON  TVd  STD.  DEVIATIONS 
L 0,DATAB*29 

M 0,DATAB*25 
DA  Or4 
ST  0,DATAB*30 
ST  1tDATPB*31 
L 1,IEND 

AA  lrl 

ST  WEND 
LA  2,9 
LA  0,0 
A 0,DATAB,1 
AA  1t-8 
ARB  -1,8-4, 2 
MA  0,1 
DA  0,10 
ST  0,DATfEK32 
ST  i,DATAB*33 
LA  0,0 
ST  OiISUM 
ST  0,ISUMT 
L 3, TEND 

LA  2,9 

B240  L 0,DATAB,3 
S 0,DATAB»33 
ST  0,8*3 
MA  0,0 
DAD  OiISUM 
ST  0,ISUM 
ST  i,ISUM*l 
AA  3r-6 
ARB  -1,6240,2 
DA  0,9 
LA  Ofl 
LA  30CTC001 
SXBS  xl2T 
MA  0,2 
ST  lilSTD 
L 0DATAB*33 

A 0,1STD 
ST  OiILIM 
L 0DATAB*33 

S 0,ISTD 
ST  0,ILIMT 
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SCALE  N/A 


DATE  12-15-15 
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CR  MUM 

BC  105241 

L liTLIM 

ST  1iIL1M*1 

ST  MUM 

B241  LR  OiO 

ST  MSUM 

ST  OilStm 

ST  ChlKNT 

L 3, TEND 

LR  2i9 

B243  L OJHTPBv3 

CR  OiILIM 

BC  12iB242 

CR  OiILIMT 

BC  105242 

AMI  DCtfTil 

L 05RTABi3 

A OilSUM 

ST  OilSUM 

B242  AA  3i-6 

ARB  -15243i2 

L OilKNT 

ST  05245*1 

L MSUM 

MR  Oil 

B245  DR  OiO 

ST  05RTAB»32 
ST  liDATAB*33 

x output  owe.  e results 

BL  05RNT 

DATA  DATAB*30 
B B235 

* PROGRAM  EXIT 
B22T  LA  3iX104001 

cvdo  *ion 

x PRINT  DATA  SUBROUTINE 
PRNT1  L 3i2iT 

ST  35105*1 

BL  25T1 

DATA  L5 
L 3iZER0 

B f*G 

BIOS  L 3d 

AA  35 

ST  3,1 

CRR  350 

BC  10A0 

B105  L 055 

LA  3iX12800'*»BUFl*l 
SXBS  *120 
LA  3*T  1 

ST  35UF1*4 

LA  35 

ST  35UF1 

BL  25T1 
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SCALE  N/A  DP 

(TE  12-15-05  | SHEET  10 

DATA  BUF1-1 
B B1TG 

* FORMAT  TEST  DATA  TO  BINARY  DATA 


LA 

OiX’2020’ 

LA 

li63 

ST 

OBUFlii 

ARB 

-14-2,1 

L 

O^LF 

ST 

Oafl-2 

L 

0 af-1 

ST 

OaFl-5 

L 

oar*2 

MRA 

80088’ 

OR 

oari*8 

ST 

oaf  i-8 

L 

oaf-2 

MLR 

80088’ 

L 

iaf-3 

MRA 

80089’ 

OR 

00089’ 

ST 

oar  wi 

L 

oaf-3 

NA 

OOOT’ 

OR 

oari-14 

ST 

oari-i4 

L 

oaf-4 

ST 

oarwi 

LA 

0£2 

LA 

10 

ST 

iaf*io 

ARB 

-l*-20 

LA 

0001100’ 

ST 

oar 

LA 

w 

LA 

20 

LA 

30(’2C00'»i»BUFl 

ST 

3,1-5 

SXBS  *121 

LA 

30 

AA 

30 

ST 

oar-i,2 

AA 

2,1 

ARB 

-10190,1 

LA 

3004000v«BLf-1 

SXBS  *121 

LA 

oo 

ST 

oaf-12 

LA 

002 

L 

10ATAB0 

ST 

iar-130 

ARB 

-14-40 

* OUTPUT  LIBRARY  RECORD 

LA  3*0T0 
SXBS 

* OUTPUT  LIBRARY  RECORD  TO  MAC  TAPE 

LA  3*TTU 


R 
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SXBS  *121 
L 3iIST 
Rfi  3iDRTflB 
ST  3WTDW 

x OUTPUT  DfiTfl  TO  MFC  TAPE 
Lfl  3i*fTDl 
SXBS  *121 
B B221 
IXX  DRTfl  0 

m DRTfl  0 

RES  40 

DRTFB  RES  24000 
END 


i 


I 

1 


R 
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SCflLE  N/fi 


DRTE  12-15-15 


SHEET  12 


TE  APPROVED 


R PROGRRM  FDR  LERST 
SQURRE  CURVE  FITTING 


DflRCOM  RMMUNITION  CENTER 
DATA  ANALYSIS 


n PROGRAM  FDR  LEAST 
SQUARE  CURVE  FITTING 
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SCALE  N/A 


DATE  1905 


1 

! 

L luuuul-  LIT  ICS  H PPOGPHM  FQP  I.ERST 
C _ Ul.lME'E  il  IJPVE  PITTING 
CONTE  1'rTS 

h PPOGPRM  Pijp  LERST  SG'URPE  CURVE  FITTING 
D I ME  N - I lj  M ' 1 o i i * jVi  p ij  i.i  1 ■ h ' i ] . 1 1 > « T 1 11  1 !»  C f.  1 1 j « P ( P i j ' 
I.IF'  I T E ' i * •!.' ) 

EQPMRT  > ENTER'  DEGREE  fJE  PQLYNGM I Rt_  > XX « MRX  IS  1 0 • ■ 
R’  E H D ■ p » 4 ' M 
4 PUPMhT  I I 

I. 

i 14  r j r e * ■—  9 c*  •* 

ir.  KIJkMhT  ■ ENTER'  VRLUES  UR  X RND  Y»  XX.XXYY. YY*  WHEN 


1 ‘-INI;  HE  In 

TYPE  i.i  i.i  . Oil  00.  00'  ) 

DU  PO  1=1. 

8 0 1 

REh[i  i.  p < 1 0 

X 1 1 > j Y •.  I ' 

1 0 

FGR'MRT  ' i'FS . 

IF  • • : . I • 

•fit  1 1 « 2 0 

-*fl 

CUNT  I NlJE 

i HU.  6X1  I 

3 m 

Nl  iM=  I - I 

DO  4.'  1 = 1 

MX  i 

P ' I i = 0 . u 

DU  4 0 .1=1 « NIJM 

p i 1 • =P  I J I + i | I •*  ] 

4 i.i  f UN  i I Nl  IE 

N = M>  ] 

DU  In  1*1 .N 
DO  7 i.i  .1=1  »N 
K = I + J-c' 

IE  1 1 i E,  I.i  • P,  n < =,(i 
1 1 H ' I . J ' =0'  • k * 

GO  1 0 1 0 

-.ii  h 1 1 ? 1>  =NUM 

"ii  CONTINUE 

C 

B < 1 '=U. U 
D'J  80  J=  1 « NIJM 
t 1 1 1 — B ' I * + i f J / 
y(i  CONTI  HUE 

DU  -ii  I = -«N 
B 1 I > =i  i . 0 
00  40  J = 1 . Nl.iM 

B 1 I ■ = fc  • I 1 +Y  i J i ♦'  p i J i ♦♦  i I — 1 i 
-il  i.ONTINUE 
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'I " 1 =-1-  1 

LUJ  .-.'Oil  1 = 1 • MM  1 

k F 1 =k  + 1 

l.*k 

DO  400  I =k  P l , N 

IP  i. Ht  l ■: h 1 I « k > i — h B 5 ' H '•'  L ? k ■ > ' 4 0 0 » 4 0 0 » 401 
401  L= I 
4 0 u UJN ( INUE 

IP  ' L -k  i 5 0 0 • 5 0 0 • 4 05 
4 05  BO  410  J=k . N 

TP  l'1P'  = H < k < J 1 
h 1 k « j i — h 1. 1_  . .j  ‘i 

ho.,  j.i  = temp 
410  CONTINUE 
TEMP=B ' k ' 

B '.k  > =B  • 

B •!_  '=! PMF- 
C 

j 0 0 00  i 1.1 1.1  I =k  P 1 , N 

r Elk  = H i I . k i H 1 k . k » 

h t I , k j = 0 . 0 

00  301  J=k  P 1 » m 

H > I » J > =Pt  i I % J ) -P  Hk^Fl  ' k . J ) 

301  CONTINUE 

B I 1 = B ( 1 1 -P  PC  ♦ B < k > 

.00  CONTINUE 

C • N > =B  > N > ✓El 1 N < u > 

1 = NM  1 

• '10  I p 1 = I + 1 
iUM= 0. 0 

00  . no  J = I P 1 <fl 

. 1.1  M = ! |M  + P|  I J » ji  ♦!_  t J i 

7 0 0 CQNIINIJE 

C • I > » • B 1 1 > — I-  UM  1 h i 1 1 I ') 

1 = 1-1 

I p < I i y u 0 ' 6 0 o • 7 1 0 
-00  00  400  1=1 . N 

iiiP1  ] TP  » iP  . 9n  1 i I • j_,  i I i 

900  CONTINUE 

901  PQPMmT  ' 1 5 < E l 5 . ? > 

c 

IiiP'  IIP  i . . 9 1 1 I 

99  0 PQPMhT  • ENTEF  Vh!.  IjE  : POP  PLOT  T I HU  LfcHST  IQijmPFS 
1 CUPVE « I.IMEN  FINISHED  TYPE  00.  0 0 ") 

94  0 P E M 0 1 c'  • 9 5 I.1 1 X T 

9*. 0 PQPMhT  i P c, . 9 i 

I P 1 ' • ( 1 9P.  0 * 11  ou,  U 
-<»r.  0 C ON  T I NUE 

V 7 = 0.0 

V T *Y  T -PC  • 1 ■> 

OO  1 00 0 I=.f'«N 

V T *VT+C 1 I > ♦X T ♦ ♦ • I — 1 > 

1 00  0 CONTINUE' 

WP1TE •9< 1 05 0 ' XT « YT 
1 05  0 p OpMh  T i JF 1 9 . j > 

GO  70  94o 
1100  CONTINUE 

END 
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APPENDIX  3.  YIELD  AND  MAXIMUM  FORCES  OF  WOOD  JOINTS 
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BLOCKING  MUST  PROTRUDE  0.250 
BEYOND  SIMULATED  FLOOR.  


TEST  SPECIMEN  NO.  1 
BLOCKING  TO  FLOOR  CONDITIONS 


Test 

Schedule 

Nail  Size 

Nail 

Material  * 

Nail 
Finish  * 

Floor  * 
Penetration 

Test 

Specimen 

Material 

Floor 

Material 

1 

Remarks 

j 

1 

50d 

HC 

B 

2 

Oak 

Oak 

■ 

1-1-1  Displacement  gage  at  top 
of  4 X 6 

2 

50d 

HC 

B 

8 

Oak 

Oak 

Average  condition  floor 

3 

50d 

HC 

B 

2 

Oak 

Oak 

Fair  condition  floor 

4 

50d 

m 

B 

2 

Oak 

Douglas  Fir 

5 

50d 

B 

2 

Oak 

Southern  Pine 

6 

50d 

S3 

B 

2 

Oak 

Western 

Hemlock 

7 

50d 

HC 

B 

2 

Oak 

Engleman 

Spruce 

8 

50d 

B 

2 

Douglas  Fir 

Oak 

9 

50d 

B 

2 

Douglas  Fir  (1) 

o 

O 

(1)  Dense  No.  1 

10 

50d 

D 

B 

2 

Western 

Hemlock 

Oak 

j 

11 

50d 

HC 

B 

2 

Western 

Hemlock(l) 

Oak 

(1)  Select  Structural  No.  1 

12 

50d 

HC 

B 

2 

Engleman 

Spruce 

Oak 

13 

50d 

HC 

B 

2 

Engleman 
Spruce  (1) 

Oak 

(1)  Select  Structural  No.  1 

14 

50d 

HC 

B 

2 

Southern  Pine 

Oak 

15 

50d 

LC 

B 

2 

Oak 

Oak 

16 

50d 

LC 

C 

2 

Oak 

Oak 

17 

40d 

HC 

C 

1.5 

Oak 

Oak 

18 

40d 

HC 

B 

1.5 

Oak 

Oak 

19 

40d 

LC 

C 

1.5 

Oak 

Oak 

20 

40d 

LC 

B 

1.5 

Oak 

Oak 

21 

30d 

HC 

C 

1.0 

Oak 

Oak 

SENSITIVITY  OR 


SENSITIVITY  OR 


